Study Design. A retrospective review. Objective. The aim of the study was to perform a risk assessment of 30-day perioperative myocardial infarction (MI) for spine surgery patients. Summary of Background Data. There is an increased emphasis to reduce complications and improve outcomes after spinal surgery. One of the more devastating perioperative complications of spinal surgery is MI. Methods. We evaluated all medical records of 1346 consecutive patients who underwent spinal surgery at a single institution from 2008 to 2010 for incidence of MI within 30 days of surgery and documented all demographic, preoperative, and operative variables. Associations between postoperative MI and individual risk factors were determined using logistic regression analysis. Patients were stratified into emergent and elective groups and a similar analysis was performed. Results. Overall, 22 patients (1.6%) had 30-day perioperative MI, 14 patients (1.2%) undergoing elective surgery, and 8 patients (4.2%) after emergent surgery (P ¼ 0.047). Three (13.6%) patients experienced 30-day mortality and an additional 3 (13.6%) patients experienced mortality within 1 year.
T
here is an ongoing effort to reduce complications and improve clinical outcomes after spinal surgery. 1, 2 There are numerous studies evaluating common outcomes and complications, including patient related reporting, blood loss, pain management, and infection. [2] [3] [4] [5] [6] [7] However, certain postoperative complications are less understood than others. Incidence and factors relating to myocardial infarction (MI) have not been explored extensively. [4] [5] [6] In general, MI is a common cause of significant mortality for adults, resulting in 7.6 million deaths a year. 8 Besides mortality involved with an acute episode of MI, there are additional long-term consequences to cardiovascular health and quality of life, including recurrent MI, ventricular wall rupture, and arrhythmias. 9, 10 Identifying cardiovascular less is known about operative risks after spine surgery. Literature review suggests that longer operations, preoperative hypertension, previous history of MI, coronary artery disease (CAD), congestive heart failure (CHF), low ejection fraction, and intraoperative hypotension are correlated with postoperative MI; however, these studies did not differentiate between surgical subspecialties. [19] [20] [21] Also, many studies were limited to the complication of MI occurring during the initial hospitalization.
By analyzing the effect of demographic, comorbidities, and operative variables, spine surgeons can better determine substantial risk factors for postoperative MI and attempt to reduce this problem by careful surgical selection and planning. Therefore, the authors sought to evaluate a large population of patients undergoing spine surgery from 2008 to 2010 for incidence of MI within 30 days following surgery and to characterize the risk factors including comorbidities and operative variables.
MATERIALS AND METHODS
The primary aim of this study was to assess incidence and risk factors for postoperative MI within 30 days following spine surgery. This retrospective study included 1346 consecutive adult patients who underwent spine surgery at our institution's Department of Neurosurgery and Department of Orthopedic Surgery between 2008 and 2010. The data from 5 neurosurgeons were included in this population. The inclusion criteria included: (1) age greater than or equal to 18 years, (2) anterior and/or posterior spinal surgery for decompression or fusion or both, (3) minimum 30 days follow-up, and (4) documented preoperative and perioperative variables in hospital charts. Of the 1346 consecutive patients identified, as there were no patients lost to followup or inadequate data collection. All patients were given medical clearance for anesthesia and surgery. For this study, an MI was identified by clinical documentation by medical or cardiology physician and confirmed by ST-elevation changes on ECG and sequentially elevated cardiac troponin markers during the postoperative hospitalization, postoperative hospital readmission, or any medical evaluation within 30 days after the surgery.
Demographic and clinical data were collected for each patient, including age, gender, body mass index (BMI), diabetes, insulin use, prior stroke, hypertension, hypercholesterolemia, chronic obstructive pulmonary disease (COPD), CAD, peripheral vascular disease (PVD), tobacco use, chronic steroid use, prior spinal fusion (same operative area), prior spinal surgery (same operative area), atrial fibrillation, CHF, systemic inflammatory response/sepsis presence, hypercoagulability, illicit drug abuse, prior deep vein thrombosis (DVT), prior MI, connective tissue disorder, prior pulmonary embolism, anticoagulant use, race (Native American, Asian-American, African-American, Caucasian, Multiracial, Other), and baseline preoperative albumin and creatinine laboratory values.
Preoperative and perioperative variables assessed included surgical etiology (trauma, neoplasm, degenerative, deformity), type of surgery (laminectomy, fusion), estimated blood loss (EBL), surgical approach (anterior, posterior, lateral, combined approaches, minimally invasive technique), intraoperative steroid use, blood transfusion, surgical location (cervical-thoracic, thoracic, lumbosacral), total operation length, urine output (UOP), number of levels fused, postoperative length of stay, total length of stay, and use of postoperative drain.
Demographic, preoperative, and perioperative factors were assessed for all patients. For analysis, all data were converted to categorical data and significant associations between these factors and 30-day perioperative MI were determined using adjusted multivariate logistic regression analysis. Odds ratio with confidence intervals for each variable were also determined. Adjusted multivariate logistic regression was also utilized in a subgroup analysis comparing patients undergoing elective versus emergent surgery. Significance of the results was assessed at a equal to 0.05. Analysis was conducted in SAS 9.3 (SAS Inc., Cary, NC). Institutional Review Board approval was obtained for the implementation of this study.
RESULTS
In total, 1346 patients (654 male, 692 female) met the inclusion criteria. No patients were lost to inadequate follow-up or incomplete data collection (Table 1) . Overall, 22 patients (1.6%) had an MI in the 30 days following their surgery, and 3 (13.6%) experienced 30-day postoperative mortality ( Overall, 22 patients (1.6%) had an MI in the 30 days following their surgery, 3 (13.6%) experienced 30-day postoperative mortality, and 3 (13.6%) additional patients experienced mortality within 1 year. There was no 1-week window within the 30-day perioperative period that 
CAD indicates coronary artery disease; CHF, congestive heart failure; EBL, estimated blood loss; HTN, hypertension. Additional comorbidities included diabetes (13.6%), smoking (13.6%), COPD (4.5%), CHF (9.1%), CAD (18.2%), atrial fibrillation (13.6%), hypertension (72.7%), and postoperative blood thinners (13.6%). Fifteen MIs (68.2%) were treated with cardiac catheterization and balloon angioplasty. Two MIs (9.1%) were treated with cardiac catheterization and stent placement. Five (22.7%) MI patients received only pharmacologic therapy consisting of a combination of beta-blockers, acetylcholinesterase inhibitors, and anti-coagulation. Additional negative long-term outcomes include 1 patient with postoperative stroke, 2 patients with readmission within 30 days for reasons unrelated to cardiac or spine pathology, and 1 patient who had perioperative acute renal failure requiring dialysis. No patients had repeat MI within 2 years of perioperative MI (Table 2) .
Unadjusted logistic regression found numerous significant predictors of postoperative MI ( . For common complication risk factors, 26 (13.5%) patients were smokers, 47 (24.5%) patients were obese, 22 (11.5%) had CAD, 68 (35.4%) had hypertension, and 5 (2.6%) had a prior MI. Likewise, a significant number of patients presented with medical comorbidities (11.5% diabetes, 5.2% insulin use, 1.0% PVD, 4.2% prior DVT, 6.2% hypercholesterolemia, 3.1% prior PE, 9.4% anticoagulant use, 6.8% a-fib). A breakdown by race showed 1.6% Native American, 2.6% Asian-American, 21.9% African-American, 69.8% Caucasian, 1.0% multiracial, and 3.1% as other race.
Unadjusted logistic regression found 2 significant predictors of postoperative MI, including age greater than 65 years (OR 9.55, 95% CI 1.86-49.00, P < 0.01) and baseline creatinine greater than 2 mg/dL (OR 12.36, 95% CI 1.00-153.06, P ¼ 0.05). For this cohort, no negative predictors of postoperative MI were found.
Nonemergent: Degenerative/Deformity
When stratified by presenting etiology, 1154 patients (535 male, 619 female) were found to have undergone undergoing nonurgent surgery for more chronic pathology, including deformity and degenerative causes. Overall, 14 patients (1.2%) had a MI in the 30 days following their surgery. For all nonemergent patients, the mean AE standard deviation of age was 59.1 AE 13.2 years, and we observed an average BMI of 30.0 AE 7.0 kg/m 2 . For common complication risk factors, 215 (18.6%) patients were smokers, 504 (43.7%) patients were obese, 138 (12.0%) had CAD, 622 (53.9%) had hypertension, and 20 (1.7%) had a prior MI. Likewise, a significant number of patients presented with medical comorbidities (19.2% diabetes, 6.2% insulin use, 3.6% PVD, 0.8% prior DVT, 11.4% hypercholesterolemia, 0.8% prior PE, 3.5% anticoagulant use, 4.2% afib). A breakdown by race showed 0.3% Native American, 0.9% Asian American, 18.2% African-American, 79.7% Caucasian, 0.2% multiracial, and 0.7% as other race.
Unadjusted logistic regression found several significant predictors of postoperative MI, including age greater than 65 years (OR 4.37, 95% CI 1.36-14.01, P ¼ 0.01), total length of stay greater than 7 days (OR 68.43, 95% CI 8.90-526.32, P < 0.01), postoperative stay greater than 7 days (OR 111.54, 95% CI 14.46-860.19, P < 0.01), operative time greater than 5 hours (OR 2.89, 95% CI 1.00-8.41, P ¼ 0.05), intraoperative blood transfusion (OR 4.19, 95% CI 1.44-12.23, P ¼ 0.01), baseline creatinine greater than 1 mg/dL (OR 4.21, 95% CI 1.45-12.26, P ¼ 0.01), and fusion of more than 1 level (OR 7.77, 95% CI 1.01-59.61, P ¼ 0.05). For this cohort, 1 negative predictor of postoperative MI was found: fusion of only 1 level (OR 0.13, 95% CI 0.02-0.97, P ¼ 0.05).
DISCUSSION
Myocardial infarction is a potentially deadly cardiovascular event and a significant cause for postoperative morbidity in patients undergoing major surgical procedures. 9, 10 The existing literature provides great detail on the risk factors for MI, including smoking, age, diabetes, hypertension, abdominal obesity, alcohol, elevated heart rate, lower socioeconomic status, African-American race, and sedentary lifestyle.
8,11-15,17,18,22-24 There are extensive reports in the literature describing the incidence of postoperative MI in the general surgical population. In a study of 8351 noncardiac surgery patients, Devereaux et al 25 demonstrated a 3-day postoperative MI rate of 5.0% and a 30-day mortality rate of 11.6%. In another study of 1116 patients undergoing surgical reduction of a hip fracture, Huddleston et al 26 demonstrated a 7-day postoperative MI incidence of 10.4%. Additional literature has demonstrated postoperative MI rates between 9.8% and 11.2%. 27, 28 These studies represent a small sampling of a large collection of literature directed at describing postoperative MI. However, within this collection, little attention has been paid toward the incidence of perioperative MI in the spine surgery population. In the last decade, there has been a significant increase in the number of spinal surgeries performed. 29 Yet, the risks factors associated with the occurrence of perioperative MI have not been adequately studied in this patient population. Given the increasing number of spine surgeries performed and the lack of data specific to the spine surgery population, the incidence and subsequent longstanding clinical implications of perioperative MI must be addressed. By identifying these risk factors, spine surgeons will be able to reduce comorbidities and other demographic and perioperative variables associated with increased incidence of postoperative MI. This manuscript attempts to better characterize incidence and risk factors for postoperative MI.
This study corroborated previously established positive predictive factors for acute MI, including age greater than 65 years, hypertension, and prior MI. 11, 12, 24 Pathologically, chronic hypertension leads to cardiac hypertrophy, which increases myocardial oxygen demand and thus places the individual at a greater risk for infarction. In addition, ischemic damage from prior infarction decreases cardiac output and ventricular function. The remaining intact myocardium thus has higher oxygen requirement, which places it at a greater risk for developing ischemic damage. Spine surgery represents an acute stressor that may decrease coronary perfusion due to blood loss, thus placing older hypertrophic myocardium at even a higher risk for developing an acute MI.
Furthermore, our study concluded that intraoperative packed red blood cell transfusion was predictive of 30-day perioperative MI. During surgery, blood transfusions are typically indicated in instances of extensive blood loss resulting in hemodynamic instability. This suggests the potential for decreased coronary oxygen delivery and thus an increased risk of developing myocardial ischemia. In addition, low albumin, length of stay greater than 7 days, postoperative days greater than 7 days, trauma etiology, baseline creatinine greater than 1 mg/dL, and at least 2 levels of spinal fusion were significantly positively correlated with increased risk for postoperative MI. The combined presence of these risk factors can be indicative of a lower level of overall health and higher patient morbidity. 17 The data were further elucidated when patients were stratified by emergent versus nonemergent etiologies. Similar associations showed that advanced age, decreased baseline health status, and more extensive surgery were associated with an increased incidence of perioperative MI. A single negative predictor was found, namely spine fusion at 1 level. The lack of significant negative predictors suggests that demographic and perioperative data are only applicable in identifying individuals who are at an increased risk of 30-day perioperative MI.
Previous studies have identified a strong correlation between race and risk for MI. Our study was unable to corroborate these findings; however, our patient population was primarily Caucasian. This reduces the statistical power of the logistic regression to determine impact of race on perioperative MI.
The study shows that a patient with cardiac pathology and overall decreased baseline health status is at a higher risk for developing perioperative MI. Likewise, this study demonstrates that younger patients who have elective spine surgeries on fewer vertebral levels are less likely to develop perioperative MI. These patients tend to have fewer cardiac risk factors, which places them at lower risk for all-cause postoperative morbidity and mortality. 19 There were a number of factors that limit the interpretation of the current study. First, as a single-institution series, the ability to generalize our results remains limited. In addition, as this was a retrospective study, we were limited to the accuracy and consistency of reporting within the chart and thus systemic differences in reporting may have biased our results. In addition, this study did not discriminate intersurgeon variability. Although this may be considered a weakness, it better reflects the cardiovascular morbidity of larger institutions with multiple practicing spine surgeons. In addition, only 22 patients in our population experienced perioperative MI. Although this indicates a small relative risk for perioperative MI, it requires further investigation with larger sample sizes before large-scale conclusions can be drawn. Finally, the present study focused only on patients who experienced a postoperative MI within 30 days of their operation. This short-term risk assessment should be followed by long-term risk assessment for MI in a similar spine patient population. Nevertheless, this present study is one of the first to describe the incidence and risk factors for MI following spine surgery.
CONCLUSION
This study analyzed the risk factors and rate of MI following spine fusion. The characterization of the factors predictive of a higher incidence of MI will aid in preoperative risk factor stratification and hopefully, in future, risk reduction. By identifying patients who are at a higher risk for perioperative MI, surgeons can reduce postoperative mortality and improve hospital health scores. This not only leads to better clinical outcomes but also higher Medicare reimbursements.
Key Points
Incidence of postoperative MI following spine surgery is low; however, given the number of spine surgeries performed on an annual basis, the total number of perioperative MI is not insignificant Perioperative MI resulted in 13.6% thirty-day mortality and 27.2% one-year mortality. Age, atrial fibrillation, hypertension, and emergent indication for surgery were associated with increased incidence of perioperative MI. Identifying patients who are higher risk of perioperative MI will help surgeons reduce postoperative mortality and improve hospital health scores. This leads to better clinical outcomes and higher Medicare reimbursements.
